Abstract. Sausage roll is one of the most important snacks that are widely consumed in Nigeria but contamination of foods especially snacks by fungi is a major threat to food security. Four popularly consumed sausage rolls bought from different locations in Ibadan, Nigera were examined for fungi contaminations and analyzed for aflatoxin. The coupling of characteristics of the mycelia such as the colour and structure, septation, presence or absence of sporangiophores and other fruiting bodies as well as other special organs like the rhizoids were recorded, HPLC/MS was used for the aflatoxin detection technique with excitation wavelength of 362 nm, and emission wavelength of 425nm. The result reveals the presence of high incidence of four fungi genera comprising of seven different species which include: Aspergillus flavus, A. fumigatus, A. niger, A. tamarii, Fusarium species, Penicillium notatum and Rhizopus species. Of all the fungi isolates, A. flavus and A. niger had the highest percentage of occurrence of 100% each while A. fumigatus gave 50%, A. tamarii (16.67%) and Fusarium species (16.67) and R. nigricans (25%) had the least. Aflatoxin B1, B2, G1 and G2 were detected in all the collected samples AFB1 (1.88±1.65) was the highest in sample C and least in sample D (1.08±1.50). AFB2 was highest on sample D (1.98±1.00) and least in B (0.99±1.00), AFG1 was highest in C (1.230±50) and least in A (0.92±2.50) while AFG2 was recorded highest in B (1.73±1.93) and least in D (0.91±1.08). However, the aflatoxin contents were found to be below the tolerance limit of 2ppb given by European commission.
INTRODUCTION
Snacks are associated with frequent incidence of fungi contamination due to their nutritional contents and methods of preparation (Oranusi et al., 2011) . This contamination shortens the shelf life of snacks as a result of action of spoilage organisms like bacteria (e.g Salmonella spp., Clostridium spp, Bacillus spp., etc.) and several fungi genera (e.g. Aspergillus, Penicillium and Rhizopus) (Smith et al., 2004; Odu and Akano, 2012) . This may be as a result of unhygienic handlings during production or the integrity of the raw materials used; unknown to the consumers, people that consumes contaminated snacks may stand a risk of food borne illnesses and this may put a terrible economic burden on them, society or country (WHO. 2000) . Snacks that are being sold may as well become compromised hygienically if safety regulations are not taken seriously during marketing, this expose them to microbial contamination by fungi, bacteria, viruses, nematodes and so on (Fakoor et al., 2012; Jonathan et al., 2015 Jonathan et al., , 2016 ).
Fungi are the major contaminants of foods in the world. They are ubiquitous plant pathogens and major spoilage agents of foods and feedstuffs (Makun et al., 2010) . Many species of fungi contaminate a large fraction of the world's food, including maize, rice, sorghum, barley, rye, wheat, peanut, groundnut, soya, cottonseed, and other derivative products made from these primary feedstuffs in low-income countries (Rizzi et al., 2003; Saleemullah et al., 2006; Strosnider et al., 2006; Masoero et al., 2007; Caloni, 2010) . Invasion of food by various fungi may result in remarkable rapid quality deterioration (Sibanda et al., 1997; Boysen et al., 2000; Jonathan et al., 2001 ) and consequently leading to food spoilage and sometimes production of secondary metabolites by the contaminants. Some moulds such as Aspergillus flavus, Aspergillus parasiticus and Penicillium spp. have been associated with production of aflatoxins (Frazier and Westhoff, 2000; Ogiehor et al., 2007) which have serious health effects. Aflatoxins are naturally occurring mycotoxins (secondary metabolites) produced by Aspergillus species. They are classified into a number of subtypes with the naturally occurring and well-known ones include aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1) and aflatoxin G2 (AFG2) (Gimeno, 2004; Saleemullah et al., 2006; Strosnider et al., 2006) . Aflatoxins are capable of causing acute and chronic effects in man and animals ranging from death to disorder of central nervous, cardiovascular, pulmonary systems and intestinal tract (Bhat and Vasanthi, 2003) . Contamination of food and feed is important to be understood as they pose some unrecognized risk to public health and can have longterm health implications (Coulter et al., 1986; Bucci et al., 1990; Rheeder et al., 1992; Abdulrazzaq et al., 2004) . Also, not much attention has been given to fungi contamination in processed foods like sausage rolls as it has been done on others foods. Therefore, this work was embarked on to detect and study fungi (contaminant) in sausage rolls and assess the level of aflatoxin in these snacks to examine.
MATERIALS AND METHODS

Sample collection
Four different commonly consumed sausage rolls in Ibadan were collected randomly from retailers' shops in Agbowo and University of Ibadan (Ibadan NorthEast). All the samples were all three days old from the manufacture date.
Fungi isolation
The Potato Dextrose Agar (PDA) was prepared according to the manufacturer's prescription and 0.5g of streptomycin sulphate was added to suppress the growth of bacteria. Fungal isolation was carried out using the method described by Jonathan and Olowolafe (2001) . One gram of each sausage roll sample was grinded. This was homogenized in 9ml of sterile distilled water. The homogenate served as a stock solution of each sample and further serial dilutions of the stock solution were made to the third diluent (10 3 dilution factor). One ml of each of these dilutions was inoculated asceptically onto sterile prepared PDA using the pour plate method (Fawole and Oso, 1988) . Each sample (treatment) was done in three (3) replicates and laid out in a Completely Randomized Design (CRD). These were incubated at room temperature (25±2 O C) for 3-6 days with daily observation.
Characterization and Identification of fungi isolates
After establishment of growth in the cultured plates, the resulting growths with discrete colonies were subcultured in other plates to get pure culture of each fungi isolate. The macroscopic and microscopic characteristics were used in identifying the isolates (Barnette and Hunter, 1987) . Characteristics of the mycelia such as the colour and structure, septation, presence or absence of sporangiophores and other fruiting bodies as well as other special organs like the rhizoids were all used.
Microscopic examination
A drop of water was put onto a clear slide. A small portion of the spores from the pure culture bearing mycelium from the edge of the colony was picked and dropped into the drop of water on the slide. The spores were loosened in the drop of water and heat fixed. A few drop of acetic acid was added to fix and facilitate detachment of conidia. This was rinsed with water before adding a drop of lactic acid to clarify and preserve it. This was also rinsed with water. Few drops of lactophenol cotton blue was added and rinsed with water. Cover slip was then placed gently on the slide. The slide was the examined under the microscope with oil immersion.
Detection of Aflatoxin
The extraction and purification of aflatoxins (AFB1, AFB2, AFG1 and AFG2) concentration from sausage roll samples was determined. The samples were injected into the HPLC column heated to 40 O C, using mainly reversed-phase columns, with mobile phases composed of water: methanol solution (60: 40, u/v). One Litre of mobile phase was added with 119 mg of potassium bromide and 350 BI of 4M nitric acid (required for post/ column electrochemical derivatisation with Kobra Cell, ROBiopharm Rhome).
The modified methodology of Huang et al. (2010) using HPLC-MS/MS for the separation and detection of aflatoxin after an extraction with acetonitrile and water, reaching limit of quantification between 0.012 and 0.073µg/Kg was used. The coupling of HPLC to mass spectrometry was also used for the detection technique at the excitation wavelength of 362 nm, and the emission wavelength was 425nm. The ionization sources were employed based on atmospheric pressure (Cavaliere et al., 2007; Beltran et al., 2011) . The sample was calculated by analyzing triplicates of the samples. The method showed recoveries between 95 and 114% with a LOQ of 1.5ng/mL.
Analysis of Data
All the experiments were carried out in three replications. The fungal colonies and aflatoxin data generated were subjected to analysis of variance (ANOVA) at the probability level of P<0.01 and P<0.05. The tests of significant were carried out using Duncan's multiple range test (DMRT) at probability level of P<0.05 using SARS version 9.3 statistical package.
RESULTS AND DISCUSSIONS
Fungi isolates
All the samples used in this study showed the presence of different fungi and level of aflatoxin contamination. A total of five (5) different genera of fungi isolates comprising of seven (7) (Table 1) shows that Aspergillus flavus (100%) and A. niger (100%) were the most predominant fungi contaminants isolated from the four brands of the sausage roll. They are said to be present in all the samples and replicates. A. flavus had the highest mean number of colony of 24.67±10.60 recorded in Sample C ( Table 2 ).
The high percentage of A. flavus observed in this study is in accordance with the report of Peterson et al. (2001) who reported A. flavus as a common contaminant in packaged products. The least occurrence of 16.67% was recorded for A. tamarii and Fusarium sp each. All the fungi isolates in the samples are contaminants found in the environment which might have found their way in during the time of production most especially during packaging process due to improper handling or packaging or use of contaminated packaging materials. Also, improper storage such as display of sausage roll in the open tray by retailers leading to formation of moist due to condensation when the products are kept in the sun for long may favour the growth of fungi. Sausage roll is very rich in nutrients which may as well favour the incidence of moulds (Chelea and Jideani, 1996) . The mean occurrence of fungi isolates from the sampled sausage rolls (Table 2) shows that there is no significant difference in occurrence of A. flavus, A. niger, A. tamarii, Fusarium sp, and Rhizopus nigricans in all the sausage roll samples. However, there is a significant difference in the occurrence of A. fumigatus and Penicillium sp. A. fumigatus differ significantly in sausage roll sample A when compared with other samples of sausage rolls while Penicillium sp only differs in sample A when compared with sample C but there is no significant difference in its occurrence between sample A, B and D.
Aflatoxin concentration
The mean occurrence of the aflatoxins obtained (Table 3) showed there is no significant different between aflatoxin B1 in Sample A and Sample B, AFB1 in Sample B and Sample D but there is significant different in AFB1 content present in Sample C and other samples. For aflatoxin B2 and G2, all the samples analyzed are significantly different from each other. AFG1 in Sample C is significantly different from that in other samples of Sausage rolls so also AFG1 in Sample B different from that in Sample A but not different from Sample D. Sample C showed the highest Aflatoxin content with the highest values for all the types of aflatoxin while Sample D showed the least AFB1 and AFG2. Sample A and B had the least for AFG1 and AFB2 respectively. The aflatoxin content of these products may have resulted from the raw material (flour produced from cereals) used. The names of the sausage rolls used were coded as Sample A, B, C and D so as not to implicate any company producing it until further studies are made to confirm this result. The raw materials may have been contaminated during time of storage with the production of different aflatoxins. Although, the product is a bakery product which had been subjected to high temperature but according to Coomes et al. (1966) , aflatoxin can resist to higher temperature up to 260 0 C. Heat, baking and cooking under higher pressure can destroy nearly 70% aflatoxins (Coomes et al., 1966) . Hence, the low aflatoxin content of these products may be accounted for as a reduction brought about during production process (baking). Also, the high percentage species occurrence of A. flavus is implicated in the production of different type of aflatoxins in this product (Odoemelam and Osu, 2009 ). For overall sanitary precaution, the European Union enacted very severe aflatoxin tolerance standards of 2ppb aflatoxin B1 and 4ppb total aflatoxins in dry food product for human consumption (Bankole et al., 2005) . However, the sausage samples analyzed in this study are within the aflatoxin limit. The mean square analysis of variance of all the sausage roll samples in table 4 shows the aflatoxin content are highly significant at both P<0.01 and P<0.05 for all the samples analyzed. The analysis of variance of the different samples and the Aflatoxin with its replicate is in accordance with the report made by Ezekiel et al. (2011) and Jonathan et al. (2016) on high level of aflatoxin concentrations on peanut cakes. The correlation coefficient of aflatoxin in different sausage samples (Table 5) shows the aflatoxin contents in the sausage rolls sampled are highly correlated.
CONCLUSION AND RECOMMENDATION
Microbiological spoilage is the major factors limiting the shelf life of this product. A large number of mould species including mycotoxigenic fungi contaminate different foods making them lose quality and unsafe for human consumption. This study also revealed that sausage roll is not free of aflatoxin contamination and the contamination could be as a result of improper storage of the raw materials. 0.00 ** Correlation is significant at the 0.01 level (2-tailed). *Note: The names of the sausage rolls used were coded as Sample A, B, C and D so as not to implicate any company producing it until further studies are made to confirm this result.
Hence, the effective means to prevent fungi and aflatoxin contamination of sausage roll will be through application of strict hygienic measures during processing and retailers should maintain good storage conditions of cool and dry environment instead of displaying the products in the open tray which could favour the growth of fungi.
